Objective-To examine the risk factors associated with adolescent (ages 12-17) misuse of opioids, stimulants, tranquilizers and sedatives using a nationally representative sample. The characteristics associated with symptoms of abuse and/or dependence related to prescription medication misuse among adolescents were also analyzed.
Introduction
Recent reports have noted increases in the misuse (also termed illicit use, abuse or nonmedical use) of prescription medications by adolescents in the United States. [1] [2] [3] [4] Commonly misused prescription medications include opioids (which are used for the treatment of pain and include hydrocodone and oxycodone), stimulants (which include medications indicated for the treatment of ADHD, such as methylphenidate or amphetamine), tranquilizers (which include the benzodiazepines and other minor tranquilizers such as meprobamate or carisoprodol) and sedatives (which include the barbiturates and chloral hydrate). All of these medications have important medical uses when taken properly. Misuse, however, carries notable risks. These include the potential for physical or psychological dependence and overdose.
Currently, only past month use of alcohol, tobacco or marijuana exceeds the rate of prescription misuse in adolescents. 5 Rates of prescription misuse vary both by the class of medications and the timeframe examined, but it appears that as many as 20% of adolescents have misused a prescription medication. 6 Rates of prescription misuse appear to be highest for the opioids, which are followed by the tranquilizers, stimulants and sedatives, [6] [7] [8] [9] but this has not been adequately evaluated. Also, there is some evidence that adolescents are at greater risk for prescription medication misuse than adults over 25 years of age and at roughly equal risk to young adults between the ages of 18 and 25. 10 In turn, earlier misuse of prescription medications increases the risk for the later development of abuse of or dependence on a prescription medication, with a 5% drop in risk for each year misuse is delayed. 11 While some studies have examined the risk and protective factors associated with adolescent prescription medication misuse, nearly all have concentrated on only stimulants or opioids. One of the initial investigations into stimulant misuse was conducted by Poulin, 12 using data from a 1998 survey of over 13,000 adolescent students in the Atlantic provinces of Canada. This study found that misuse was associated with past use of alcohol, cigarettes and marijuana, but that gender was not a risk factor; furthermore, misuse of stimulants was more likely in those who either gave away or sold their stimulant medications. 12 Poulin 13 later replicated the finding that addictive substance use served as a risk for stimulant misuse in a 2002 survey study of 12,990 adolescents in the Atlantic provinces of Canada. This investigation also expanded the previous findings by indicating that having depressive symptoms, having a likely ADHD diagnosis or being in a classroom where at least one student gave or sold stimulants increased the risk of stimulant misuse. Finally, males were at increased risk for stimulant misuse in this study, which was not found in the earlier investigation. 12, 13 Two studies of US adolescents by McCabe and colleagues 8, 14 found that poorer grades, increasing age and the use of cigarettes, cigars, alcohol, ecstasy or marijuana were risk factors for prescription stimulant misuse. Both studies also indicated that AfricanAmerican race was protective. 8, 14 Herman-Stahl and collaborators 15 used a nationally representative sample of adolescents to investigate the risks for stimulant misuse and replicated many of the above results. This study also found that a tendency towards risktaking, high conflict with parents and past mental health treatment were risk factors as well, with Hispanic adolescents protected from misuse. 15 In all, the literature appears to indicate that stimulant misuse is associated with increasing age, lower grade point average, and engagement in other risky behaviors, including addictive substance use. 8, [12] [13] [14] [15] The role of gender appears to be less clear, with one study, 13 but no others, indicating that male gender was a risk factor for stimulant misuse.
Similar results have been found for the misuse of opioid medications. McCabe and collaborators, 16 using a nationally representative US sample, found that males, those with poorer grades, and Caucasian adolescents were at an elevated risk of ever using some opioid analgesics. Also, this investigation indicated that use of cigarettes, alcohol, marijuana, cocaine and other addictive prescription medications, as well as a number of high-risk behaviors, raised the risk for opioid misuse. 16 Sung and colleagues 7 also used a nationally representative sample to examine opioid misuse among US adolescents and found, in a multivariate model, that misuse was associated with misuse of other prescription medications and illicit drugs. Gender was not a risk factor. 7 A more recent investigation by Boyd and colleagues 17 replicated previous findings that other addictive substance use served as a risk factor and found that increasing age was a factor. Unlike the findings of McCabe and collaborators, 16 female gender was a greater risk for opioid misuse in this study. 17 Thus, misuse of opioid medications appears to be associated with increasing age, poorer academic achievement, being Caucasian, engagement in other high-risk behaviors, and use of other addictive substances, including prescription medications. 7, 16, 17 Again, it is unclear whether males or females are at greater risk for opioid misuse, with conflicting findings in the literature. 7, 16, 17 Finally, a study by McCabe and collaborators 6 examined the risk and protective factors for lifetime misuse of opioids, stimulants, tranquilizers or sedatives among a sample of 1086 urban US secondary school students from the Detroit, Michigan area. Misusers of any medication were more likely to have used other addictive substances. 6 Also, females were more likely than males to have misused opioids, Caucasian adolescents were more likely to have misused tranquilizers than African-American adolescents, and increasing age was a risk factor for the misuse of either opioids or tranquilizers. 6 So, while many risk factors have been identified for the misuse by adolescents of opioid or stimulant medication, many issues remain unresolved. First, there is conflicting evidence about the role of gender in prescription misuse. Second, no investigation has used a nationally representative sample to examine the risk factors associated with the misuse of tranquilizers or sedatives. Third, no studies have used a nationally representative sample to examine misuse across all four classes of commonly misused medications in a single sample, which would allow for comparisons of risk factors between substances. Finally, there is a general lack of knowledge about the risk factors for the development of abuse or dependence on prescription medications among adolescents who use the medications. This investigation attempted to fill these gaps in the literature.
To the best of our knowledge, this is the first investigation to examine nationally representative US data on adolescent prescription medication misuse across the four classes of commonly abused medications. Most significantly, this investigation extends the literature by examining the risk and protective factors associated with the presence or absence of one or more DSM-IV 18 defined symptoms of a substance use disorder from prescription misuse. Symptoms of a substance use disorder from prescription misuse were chosen, as opposed to full diagnoses of abuse or dependence, because a greater percentage of misusers would have one or more symptoms of a substance use disorder from prescription misuse than have the full diagnosis. Furthermore, such a criterion should capture all adolescents who have begun to experience notable consequences from prescription misuse, and identification of these adolescents can allow for early intervention to prevent the development and/or entrenchment of abuse of or dependence on a prescription medication.
Methods
Data were obtained from the 2005 public use file of the National Survey on Drug Use and Health (NSDUH), which is a yearly in-home survey of the non-institutionalized US population. This survey has provided data for analyses of adolescent stimulant misuse, 15 adolescent opioid misuse, 7 adolescent inhalant use, 19 and the development of adolescent cannabis or alcohol use disorders. 20 Over 68,000 individuals were surveyed for the NSUDH, with 55,905 included in the public use file after individuals were excluded for confidentiality reasons. Of those, 18,678 were adolescents between 12 and 17 years of age, inclusive. The 2005 NSDUH was designed to oversample adolescents, young adults, African-Americans and people of Hispanic ethnicity, and it used an independent, multistage area probability sample for all states and the District of Columbia. Households were selected for screening, and an in-person screening to identify individuals aged 12 and older was conducted. Following identification of eligible households, full interviews were conducted on a random sample. Interviews for the NSDUH were conducted throughout the course of the 2005 calendar year, and all interviews occurred in the homes of respondents. The 2005 survey combined both interviewer-assisted computer survey methods and self-interview using audio computer-assisted methods. Full interviews started with the field interviewer setting up the computer for participant use, which was followed by the use of self-interview using audio computer-assisted methods to assess substance use and other psychosocial variables. During the self-interview using audio computer-assisted portion of the survey, the participant wore headphones to hear all questions and the field interviewer remained out of view of the computer screen; these procedures were employed to preserve the privacy of respondents and to increase the probability of honest responding to sensitive questions. Once all audio computer-assisted self-interview questions were asked, the field interviewer returned to conduct the interviewer-assisted computer survey questions on demographic variables. 21, 22 All measures of illicit drug use, prescription medication misuse, symptoms of a substance use disorder from prescription misuse, mental health treatment and propensity towards risktaking behavior were asked in the self-interview format using audio computer-assisted methods. 22 Age, race or ethnicity, gender, household composition, grades in school and recent household moves were assessed using the interviewer-assisted computer survey method. 22 The 2005 NSDUH included automatic skip-outs and questions that served as consistency checks based on previous participant answers; both were meant to increase full responding and the consistency of data. In cases where data were still inconsistent or missing, statistical imputation procedures were implemented to reduce missing data. The NSDUH is normed to the 2000 census and includes a participant payment of $30. Screening and full interview response rates for the 2005 NSDUH were 91% and 76%, respectively. Data were weighted to create unbiased population-based estimates for assessed behaviors. 21 For more information on the sampling procedures, methodology and questions used to assess behaviors, please see 21, 22 .
As noted by Compton and Volkow, 2 integration of the extant research on prescription medication misuse is limited by a lack of common definitions. In line with their call for explicit definitions of terms used to describe non-medical use of prescription medications, we will define misuse as: "as any intentional use of a medication with intoxicating properties outside of a physician's prescription for a bona fide medical condition, excluding accidental misuse." (p. S4). 2 We have chosen this definition of misuse, in part, because of its correspondence to the concept evaluated by the NSDUH. 21 Additionally, full diagnoses of abuse or dependence correspond to the definitions of substance abuse and dependence as given in the DSM-IV. 18 Throughout the majority of this manuscript, however, the outcome variable of interest will not be the presence or absence of a full substance use disorder diagnosis from prescription misuse; instead it will be the presence or absence of one or more symptoms of abuse of or dependence on a prescription medication, with these symptoms coming from the diagnoses of substance abuse or dependence in the DSM-IV. 18 Such symptoms of substance abuse or dependence from prescription misuse denote symptoms due only to prescription misuse and not due to the use of any other psychoactive substances. For clarity, which we will use the phrase "symptoms of a substance use disorder from prescription misuse" throughout the manuscript to describe this outcome variable.
Measures
Participant misuse of prescription medications was obtained by inquiring about non-medical use of medications from a specified list for each drug class. In order to aid participants' recall, cards with pictures of the medications were provided while participants answered questions about use of the four classes of prescription medications. 23 Participants who endorsed use within a class answered further questions about their misuse, including time since last use. For the purposes of this analysis, past year misuse of medications within each drug class was used. In addition, a variable was created to capture past year misuse of any of the prescription medications of interest, regardless of class. The NSUDH also inquired about substance abuse and dependence criteria for each prescription class, using questions based directly on the DSM-IV criteria for abuse and dependence. 18, 23 This information was used to create a variable coding for the presence or absence of any past year substance abuse or dependence symptoms related to the use of any of the four studied classes of prescription medication. Given the concordance to the DSM-IV criteria (and other measures assessing DSM-IV criteria, including the Structured Clinical Interview for DSM-IV Axis I Disorders 24 ), questions assessing abuse or dependence due to prescription medication use are expected to have good reliability and validity. 25, 26 Predictor variables of interest included: race, gender, age, having moved in the past year, presence of mother or father in the adolescent's household, average grades from the previous grading period, past confinement in jail or juvenile detention (JD), enjoyment of risk taking, past year mental health treatment, a past year Major Depressive Episode (MDE), past year use of alcohol, cigarettes, marijuana, inhalants or cocaine. Prevalence of a past year MDE was estimated using questions directly based on the DSM-IV criteria for this disorder. 18, 23 Again, this was expected to result in good reliability and validity for the measurement of past year MDE. 25, 26 These variables were chosen as predictors based on literature indicating a relationship between these variables and prescription medication use, 7, 15, 16 or because of evidence that they relate to the development of substance use disorders in adolescents. 27, 28 Based on examination of past year misuse rates, age was dichotomized as under 15 years of age or 15 years and older. Past term grades were dichotomized into those whose average was a C or greater and those whose average was a D or F. Participants were coded as enjoying risk-taking if they answered "often" (as opposed to "sometimes", "seldom" or "never") to the question "How often do you get a real kick out of doing things that are a little dangerous?" Also, past year MDE was assessed through the use of structured questions to establish DSM-IV diagnosis. Finally, for the regression evaluating differences between adolescents with only past year prescription misuse and those with past year symptoms of abuse of or dependence on a prescription, number of times the adolescent misused any prescription was used as a predictor; this variable was dichotomized into less than 10 misuse events and 10 or more misuse episodes.
Data Analysis
Analysis initially employed univariate logistic regression analysis to find significant correlates of prescription medication misuse and the presence of symptoms of a substance use disorder from prescription misuse over previous year. Unadjusted odds ratios and 95% confidence intervals were then calculated. Finally, multivariate logistic regression was employed to identify the most robust risk and protective factors for past year prescription medication misuse or the presence of symptoms of a substance use disorder from prescription misuse among either the entire adolescent sample (Table 3) or only the portion of the adolescent sample that had misused a prescription in the past year (Table 4) . Independent variables were entered in a block, with the significance value set a p level of . 05 or below. All analyses used the population-based weights in order to control for the effects of sampling bias. All analyses were conducted in SAS version 9.0 (Cary, NC).
Results
An estimated 2,081,322 (8.2%) adolescents misused at least one prescription medication over the preceding year. For symptoms of a substance use disorder from prescription misuse, an estimated 748,666 (3.0%) adolescents exhibited one or more DSM-IV symptoms in the past year; this is 36.0% of past year misusers. The most commonly endorsed symptoms were tolerance (1.84% of whole sample), spending a great deal of time obtaining, using or recovering from the effects of the substance (1.29% of entire sample), and withdrawal (0.75% of the sample). Finally, an estimated 161,708 (0.6%) adolescents met the DSM-IV criteria for a full diagnosis of substance abuse, and 201,082 (0.8%) met criteria for a full diagnosis of substance dependence from prescription medication misuse. Combined, this is 17.4% of all adolescents who had misused a prescription medication in the past year. Of those who met the full DSM-IV criteria for substance abuse or dependence, 63.5% met criteria solely due to opioid misuse; of the remaining individuals, 21.5% met the full substance abuse or dependence criteria for more than one prescription, 6.5% solely due to tranquilizer misuse, 6.4% solely due to stimulant misuse and 2.1% met the full criteria for either substance abuse or dependence solely due to sedative misuse. These data, stratified by prescription class, are provided in Table 1 . Data about alcohol, marijuana and inhalant use, use disorder symptoms, full diagnosis of substance abuse and full diagnosis of substance dependence are also provided in this table for the purpose of comparison.
Univariate Regression Analyses (Prescription Misuse Only)
Nearly all variables examined as potential correlates of any prescription medication misuse were significant at a p < .05 level. The calculated odds ratios for these correlates ranged from 1.25 (female gender) to 10.69 (past year use of cocaine and/or inhalants; see Table 2 ). Sociodemographic factors generally were associated with the lowest elevations of risk, with the exceptions of being 15 years or older (OR = 2.95) or having average grades of a D or worse (OR = 2.89). Asian and African-American adolescents were protected from misuse, when compared to Caucasian adolescents. Mental health variables, risk-taking and delinquency were associated with odds ratios between 2.11 (past year mental health treatment) and 3.62 (higher propensity towards risk-taking), which were generally greater than sociodemographic but less than drug use factors. Past year use of cigarettes, alcohol, marijuana or cocaine and/or inhalants was associated with the greatest risk for prescription misuse, with odds ratios all in excess of 7. This pattern tended to hold across individual medications. For the stimulants, tranquilizers and sedatives, the absence of the adolescent's mother from the home was not a significant predictor; the same was true for absence of the adolescent's father. Also, gender was not significantly related to sedative misuse, and having moved in the past year was not associated with stimulant misuse. These odds ratios are listed in Table 2 , with notations for variables significant at a p ≤ .05 level and a p ≤ .001 level. The p ≤ .001 level was included because the multiple comparisons and large data sample would tend to result in a greater likelihood of Type I error.
Multivariate Regression Models for Misuse and Symptoms of a Substance Use Disorder from Prescription Misuse
Significant univariate predictors were entered in a multiple regression model to attempt to identify the most robust predictors for prescription misuse across classes or symptoms of a substance use disorder from prescription misuse. For past year misuse of any medication, the significant predictors were being 15 years of age or older, poor academic performance, a past year MDE, past year mental health treatment, risk-taking preference, and all four substance-related variables (past year use or cigarettes, alcohol, marijuana or cocaine or inhalants). A nearly identical profile of risk factors appears to predispose adolescents to having symptoms of a substance use disorder from prescription misuse, with one difference from the multivariate regression for past year misuse: being over the age of 14 was significant associated only at a trend level. These regressions are captured in Table 3 .
Correlates of DSM-IV Symptoms of a Substance Use Disorder from Prescription Misuse among Past Year Prescription Misusers
Among the adolescents with one or more symptoms of a substance use disorder from prescription misuse, 18.9% also met the criteria for alcohol abuse and 19.4% met the criteria for alcohol dependence (38.3% met for either), 10.6% met the criteria for cannabis abuse and 22.7% met the criteria for cannabis dependence (33.3% met for either). These numbers are greater than those of all adolescents: only 5.6% were estimated to meet the criteria for either alcohol abuse or dependence, and only 3.5% were estimated to meet the criteria for either cannabis abuse or dependence.
In order to evaluate what factors are important for the development of symptoms of a substance use disorder from prescription misuse, a multivariate regression was performed among only those adolescent who misused a medication in the past year comparing those with symptoms of a substance use disorder from prescription misuse to those without symptoms of a substance use disorder from prescription misuse. Only three variables were significant in this regression: having a past year MDE, past year cocaine or inhalant use or having misused a prescription 10 or more times in the past year. Having 10 or more instances of misuse was the most robust predictor in this model, with an odds ratio of nearly 3 (OR = 2.98); having a past year MDE and having used cocaine or inhalants in the past year were each associated with an odds ratio below 2 (MDE OR = 1.52, cocaine or inhalant use OR = 1.71). This regression is captured in Table 4 .
Discussion
This study investigated risk factors associated with adolescent misuse of prescription medications and the presence of one or more symptoms of a substance use disorder from prescription misuse. These findings are the first to report on tranquilizer and sedative misuse in an adolescent population, and are the first to describe adolescents who have developed symptoms of a substance use disorder from prescription misuse. In all, poorer academic performance, enjoyment of risk-taking, a past year MDE, and use of cigarettes, alcohol, marijuana, and cocaine and/or inhalants were associated with both prescription misuse and having one or more symptoms of a substance use disorder from prescription misuse. As such, these results indicate that the risk factors are similar for either prescription medication misuse (across the four medication classes) or for the presence of one or more symptoms of a substance use disorder from prescription misuse. Thus, it does not appear that one risk factor necessarily indicated a predisposition for misuse of a specific prescription medication or that one risk factor signaled an increased risk for the development of symptoms of a substance use disorder from prescription misuse. Instead, these risk factors appear to cooccur with prescription misuse and symptoms of a substance use disorder from prescription misuse in a more general fashion.
Furthermore, many of the risk factors for prescription medication misuse identified here function in a similar fashion for the use of other licit and illicit drugs by adolescents. Risktaking, 29 poor academic performance, 30 depressive symptoms 28 and other substance use 31, 32 regularly co-occur with the use of marijuana, alcohol and tobacco in adolescents. It is notable that previous confinement in jail or juvenile detention (JD) was not a risk factor for prescription misuse in the multivariate analysis, despite being significantly associated with misuse across all classes of prescriptions in the univariate analysis (with odds ratios equal to or greater than 2). This is particularly striking given the very high rates of alcohol or other substance use disorders among those adolescents currently in juvenile detention. 33 Perhaps other factors mediated the lack of association, including family income, 34 a lack of prescription availability, or the greater availability of other addictive substances. A likely candidate for mediation is a greater risk-taking disposition, which was significant in both multivariate analyses and is likely to be present in those adolescents who have been jailed or placed in JD.
One important finding is that adolescent females are more likely to misuse all medications except for the sedatives. This result is concordant with some, 6, 7 but not all 16 , studies. Examinations of adult prescription medication misuse have been equivocal with regards to gender differences in risk for misuse. While one analysis of a nationwide survey found that adult men were at greater risk for abuse, 35 other studies have found that women are more likely to misuse these medications. 36, 37 Overall, though, accumulating findings seem to indicate that females are at greater risk for prescription misuse than are males. The greater risk imparted by female sex is remarkable when considering that adolescent males generally are more likely than adolescent females to use other addictive substances. 38 One of the most important future directions for research on prescription misuse is to identify the factors that predispose adolescent females to prescription drug misuse, but not greater use of other addictive substances. Female adults are more likely to be prescribed potentially addictive medications, 39 so greater availability may be a factor. Also, Friedman 1 suggests that misuse of prescription medication is perceived as less dangerous than the use of illicit drugs. The perceived safety of prescription medications 1, 40 may make them more attractive for females, who tend to have lower rates of risk-taking behavior than males. 41, 42 That said, it is important to temper the findings that female adolescents are at greater risk for prescription misuse by noting that gender was not significant in either multivariate regression. Thus, while female gender is a risk, it is not one of the most robust risks for either misuse or for having symptoms of a substance use disorder from prescription misuse.
Also, these findings shed some light on the role of race or ethnicity for adolescent prescription misuse. African-American and Asian-American adolescents are protected from prescription misuse, when compared to Caucasian, Native American, Hispanic or Multiracial adolescents, all of whom were at roughly equal risk. These results support the findings by McCabe and collaborators 6, 8, 14 that African-American adolescents are at lower risk of stimulant or tranquilizer misuse but are discrepant with those of Herman-Stahl and colleagues, 15 who found that Hispanic adolescents were less likely than Caucasian adolescents to misuse prescription stimulants. 15 The prevalence of adolescent past year prescription medication misuse exceeded rates of use all other addictive substances queried in the NSDUH except for alcohol, tobacco or marijuana; the same holds for the presence of symptoms of a substance use disorder from prescription misuse. 21 These misuse rates are concerning, especially since 36% of past year misusers had developed at least one symptoms of a substance use disorder from prescription misuse. This finding may indicate that prescription misuse results in high rates of concerning sequelae and that these medications can be highly addictive when misused. Multivariate analyses indicated that a past year MDE, past year use of cocaine or inhalants or a higher frequency of past year medication misuse (10 or more times in the past year) served as a risk for the presence of symptoms of a substance use disorder from prescription misuse among adolescents who misused a medication in the past year. So, while a host of variables may predispose adolescents to past year misuse, fewer relate to the progression from misuse to the development of symptoms of a substance use disorder from prescription misuse. Furthermore, the number of times an adolescent misuses a medication seems to be the most important determinant among the characteristics evaluated of whether adolescent prescription misusers develop symptoms of a substance use disorder from prescription misuse.
These results also have implications for clinicians. First, it is important for clinicians to include questions about prescription misuse when screening adolescents for addictive substance use, given the high rates of prescription misuse. Furthermore, it is important to screen for symptoms of a substance use disorder from prescription misuse in adolescents who admit to prescription misuse, as 36% will have developed such symptoms. Second, clinicians should consider educating parents about the potential for misuse or diversion 8 of these prescription medications. Parents should also be urged to discuss the addictive potential of these medications with their children, as it appears that many adolescents believe that prescription misuse is safer than use of other addictive drugs. Finally, evidence from the NSDUH indicates that a sizeable minority of adolescents obtained medications for misuse from physicians. 21 This finding reiterates the need for careful screening prior to the prescription of controlled medications.
A few limitations of the current study should be noted. First, the data analyzed were crosssectional in nature, which makes it difficult to establish causal relationships between some of the variables examined here and prescription misuse or use disorder symptoms. Future studies should attempt to establish the causal relationships between prescription misuse and the risk factors found here. Second, as this was a secondary analysis of collected data, any measures in this study were not necessarily designed to suit the needs of the specific analyses of this investigation; also, some questions or measures may not have been fully valid and reliable (e.g., estimates of time since last misuse of a prescription medication or illicit drug), and this could limit the conclusions that can be drawn. Furthermore, the selfreported nature of the data can lend to biases based on misreporting or inaccurate reporting of prescription misuse, substance use, and other psychosocial or demographic variables. Finally, given that the full response rate for the 2005 NSUDH was 76%, some degree of selection or self-selection bias is possible and may limit the conclusions made here. In summary, this paper presented the risk factors associated with prescription misuse and the presence of symptoms of a substance use disorder from prescription misuse in adolescents. It is hoped that the findings here will prompt future research into this underevaluated population; equally important, it is hoped that the risk factors identified here will aid clinicians in screening for and treating adolescents who have begun to experience consequences from prescription misuse. 
